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ABSTRACT

The heavy metal effects on the degradation of fluorene by Sphingobacterium sp. KM-02 was determined in liquid cultures.
The results showed that 10 mg/L cadmium, copper, zinc, and lead not only affected the growth of KM-02 with fluorene
but also the ability of growing or resting cells to degrade this compound. Growth and fluorene degradation were strongly
inhibited by cadmium and copper at 10 mg/L, while the inhibitory effect of zinc and lead at the same concentration or at
100 mg/L were not significant. In contrast, arsenic did not affect degradation or growth, even at very high concentrations
of 100 mg/L. Subsequent analyses additionally revealed that concentrations of arsenic remained unchanged following
incubation, while those of cadmium and copper decreased significantly.
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HFA S B FNE 5 23 7IkE x| Eo] o
&S =22 P LF=] om, Fufjol|A] Ay
ke #PdAE T B S 292 Wkl &
< A&7 FEEHAY, BETES] A 2 gjel 1
ZHE e 231 5o FAkEE A 710 (Lee et
al,, 2004). Zjoll A=) Q= ke oF 1,00097]2]
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FHEFEFAE, oF 34009709 ek vlFESke

FHoZ ke oF 7004719 71elEAt T F 2,0009970
o] FAto] Stk o] F o] FulgAke] #HP ol%F
243t EEA Al glo] WAHo] e ATt B
Aolth(Jung and Jung, 2006; Lee et al., 2004). ©|7]
AR S Fpate] ANREAr 9 gERAE SRt

W Fogke] AR Q1% BlA Qo] A3 EAS KW
o, Qo] W} Cd, Cu, Pb, Al 59 LEET} =&
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Aog HE, BEUEEE AA A oF 50% T2
Frbo] B VIS I (Jung and Jung,
2006). o] Fito] F= o=z 7=
7] whitel ol=9] B DRE Al U= As
LdF o] FEHAM, UK Cu, Pb, Zn T NS
TEBAME CdY 20 A #EET(Jung and
Jung, 2006). ©]¢} o], FHgLlol] gt EGF 9 F1H7
o] FEE L9 AAg FEeH, dg Aol
HAEES] AU wAlEe ogt frIeHdEd
Al BASh= FEEe 2d IS Hrlske Aol
sitkal AlEE

PAHs(Polycyclic Aromatic Hydrocarbons, T3
gsla e 3 dlo de] BEHY e W1l
L@EEdoeH, Mg, A F AR Bekddld ©
3l thget wiEdS 7FA™ #AYSITH( Antizar-Ladislao et
al., 2006, Kolomytseva et al., 2009; Wilcke, 2007).
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SRl 2= 71RA o= ) ool Wl
W f71skREEe] Fejola Edo] 7L e &
2 oy 3 uiA] W] R, B 3, W

o EHo= QI dekel ¥ Edvioldog 2
3tH(Kanaly and Harayama, 2000; Wilcke, 2007).
PAHs 22 F B oA B3 AFgS Pk
Fluorene Q19|18 02 FoF, ek Fo| Hrflo] wj&
EAY, AR vz 7R R Az 3Ol B A4
2 AArETh(Keith and Telliard, 1979; Wattiau et al.,
2001). 53], Fluorene> TFFSH PAHs &3 FollA
Naphthalene ¥ Phenanthrene 53 374 B4 2k &
A e 7= Tl Sfgshet], olEet E25L2 Pyrene,
Benzo[b]fluoranthene, Benzo[g,h,i]perylene 53} o] 4
Mt 1 oPde] WASIRE-S 7 e & #AES] PAHs
EZ gH] Eof tist 8a=rF =7] wl'el XslLt A
E5E JFSAY 18R] ko EY U] Rshe 54
< 7HAL JofA] Tk BEY oo R QIXEa Qlok
= HE37F 9<% UtHAchten and Hofmann, 2009;
Mostert et al, 2010). T3k, Tl=f EPASIA] 243t PAHSs
SAFANGEZ T Fluorene(Ci3H,0)3 Phenanthrene
(CiyH )0l LFXGollA 71 RIsAl vehar )lo] A
TAFEF PAHsY A7} B S F8sitial gk v ok
(Amor et al, 2001; Baath, 1989). 7]& AFEdlA
Fluorene ThFsH mIAE] o3l E3ll== AR Hal
a1 9o, | TF= Pseudomonas, Arthrobacter,

Staphylococcus, Mycobacterium, Sphingomonas, Brevi-

oo oX oXx | Mo

bacterium, Acinetobacter, Sphingobacterium 5] U

(Casellas et al.,, 1997; Grifoll et al., 1994; Monna et
al., 1993; Nam et al., 2011; Wattiau et al., 2001;
Pagnout et al., 2007; Schuler et al., 2008; Thangaraj
et al., 2008).

ek 234 F WEe AL Aohjrie w8
28 A% glor), mEwel 34 ede tUd 4=
£ B3 By BB 482 AN B (Nies,
1999). E¢oll =58 e 5552 EY 9
F2tE]o] A, ol FEE kst B ghleo] Hrt
AHEA AU 4 eI, Al Co, Cd, Ni, Cu, Zn,
Pb, Hg %‘ ]:]'Ool_‘?l' %‘“r‘j?gl ZU%O] /‘333(51]'@ }1\1'-/;18-‘?'
Z(BOD, Biological Oxygen Demand) 22 71 8=
2 BREES Adlske T TR FRRES o Riths
oo 2A9ES ZS 4 Ut Amor et al., 2001; Baath,
1989; Nies, 1999; Mittal and Ratra, 2000; Sokhn et
al, 2001). 1&jt}, @A|7FA] FluoreneS X3S PAHs

AR ARSI FH WA e T35 o
goll Beire Be A7t 29 i
B g22] 9} gSo], #H3ikA

18 i

f71098d Bal Al verd § e FEs G
waate BRI e vt gl webA, 2 Aelx

€ 7189 PAHs &7} %2 #HB4HAY PAHs SHE
Yo 2HE S vBE o5 Sphingobacterium  sp.
KM-029} 3g T2 E3l 7153+ Fluorene = Model
compound®. &} W HjX|e| 9] A3 L Fluorene
& 5o 58 2 vuge =y naE A% gl Fgo|
R FEEEL] 93S FESIHTNam et al., 2011).
KM-02 755 225t FE3AY B W) vlud =
S FEZ FABR= As, Cd, Cu, Pb, Zn 5 5EFY
TE59] IS AR, EY 34 ) B TR
EAlsle FE5E0] =l oJgt PAHs el FEs
U= ARS At gk, A7) ieeh vkt
2ol FHEAY EY W s Ta50] IEsERE &
ks A7 At ol Balxo] grisleo] gle 7t
), AEEY Wio] I3E FEFRAY Bk 5
3} AlZElLS B AAIFoR HA B Befsh] A%t 7]
2 AREX T55 TS gosle ol At 28
Sjckin Ak,

2. X Y gk

21. BESE Y AS

2% AARgNo] =z = ICP FFEE 89(SPEX
plasma standard, 1,000 mg/L of H3;AsO, Cd, Cu, Pb
(NOs),, Znys P& vkl Hrlsh= d o83t
d, 2+ 5222 SPEX(Metuchen, NJ, USA)lA
3led AFE3}9al, Fluorene 2 7]E} 3FSEAELS
Sigma(St. Louis, MO, USAYIA TQsle] AM83s15Tt
7184 Ethyl acetate®} 85% SIAHE- F& Merck
(Darmstadt, Germany)ZY-E FY3te] AL}
Sphingobacterium sp. KM-02 752] AJZlA] 2 Buffer
T2 71E A7}t TYH AFESIAAtNam et al, 2011).

2.2. KM-02 @5 4% % Fluorene &3 42
P A

Sphingobacterium sp. KM-02 <7} Fluorenes &t
do= o3l Ak T TEEel viXe 9
] S8, T U] S A vkt A SES
e DA A B ke ol Anislch. A

—1.
=
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Y B
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ke we 7ijtow WHE MSM(Minimal Salts
Medium) 100 mLS 1L 83| 3HEE~T0ol 10 my
mL 552 Fluorene®} 72417t B9t & adbr|olq &
71705 wjoksldth(28°C, 160 rpm). o]} o] A uj%k
o|A] 2o mjokelS AR (12,000 rpm, 15%, 4°C) 3}
3l 20mM Phosphate buffer(pH 7.0)= pellet washing
< 23] AXE F, MsMell oA A uljdat s =4
o2 g wyk wjdtk. KM-02 75 T §8%
7R 0.10] gl AL, 589 TEse 44
71 HiAE 10 mg/Le] =9} 100 mg/Le] T2 7}
7} 2 set Ao, it ARE Hdl S5 A
7V 2 g9t 55 FEEel Ho4A e 2%
A vE A7kl & wid] 5 1409 SR
of Hjs FAlel AFTE ARl WE FFY A
UV-visible spectrophotometer(Biochrom, Cambridge, UK)
2 600 nme] A 7+ Sampling AIZF HE AES
AHsted Z7gskAar, wiF Aol wet Fade
Fluorene®] 2 Sampling Al7F HE2 A|FA)H ol -20
°ocoll BHASIAT L vk 120 AlRE &, WkS-S FE3)
EE ARE 24 Hol 7]&g uiel o] GOMSEH

ol A 2 A BHe FHsAH

o Rl

2.3. KM-02 @3 Resting celldl 2|8t Fluorene =3l
el sa5 gE 4

FrEEgLt A Bl ISt Sphingobacterium sp.
KM-02 752] Resting cellell ©J8t Fluorene &3l A3
sk Tad 9 9 AwS dEe] 8 1
Lo w5 A7) e viel 2ol A wids FSh
S vjkel-S 20mM Phosphate buffer(pH 7.0)°
=0]31, 10 mg/ml F%=2] Fluorene} 120A17F FF 32
RN T71F o R HiekEtH28°C, 160 rpm). HHSF
%7] Resting cell T T 3% 7IE2E 4.09
AXEAAL, 58] TEES A4 WK wiAE
10 mg/mL 2] ¥%9} 100 mg/mL 9] =2 A3}
Za4E°] Fluorene #3ll&ol vX= F3S #H37]
3t ZTO 2 Growing cell A3} FIeH| S5
A7kelA] ke wirIet 4 Fasol 594 de 2% &
2HE wEE US| F WY 55 AL, S5 1
A& s HEEP] 98 A7) gixTeEe Y%t
B 759 Resting cell> 13 3 NaN:= 7|8k
70°CollA] €& 7138} Inactivated cellS BA]ol Bk
(Nam et al., 2006). Hi%F 120713t Zof] 7443+ Fluorene
9 FEEe] e 24487 o] EAEAT

| 2t A
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870l AAAIA A2elx 2A3F o WA BE
T F 255 2y SRl =ushd 2Rt B3t 4
IS fABIL WA o 0.5M Ziko = AHgE &
Inductively Coupled Plasma(ICP) mass
(Thermo Elemental, Franklin, MA, USA)Z #4131t}
vAE vt ] ZF3h= Fluorene % 43S 23l
53 AIBES 10mLe] Ethyl actate® 83 F=2 3}
I 72 F5=9S GC/MS(HP6890 MSD, Newark, USA)
2 480 GOMS BAEDE 7IE A7t Fds)
Al FePEATHNam et al., 2011).

spectrometry

3.1 9 nE

3.1. PAHs R¥€EY L F35 24 &4
Sphingobacterium sp. KM-02& 2|3t #HZ4F A

EY Wold AEH 1052 PAHs 5= % 129.0
ng/g® Fluorene®] it FET 46.9 ng/g]FtH(Nam et
al,, 2011). ¥ AFoe 5 AollA A3 B A
2 2345 352 245195, o A9 Table 13}
2ot A=Y F55 F 10mgkg oY e vER
Z2 As(121.65 mg/kg), Zn(62.38 mg/kg), Pb(47.02 mg/
kg), Cu(40.94 mg/kg), Cd(13.52 mgkg) 5 5%°|ATh
wEbA, B Agte] HZo] S5 AA] Bk A DAe
T = TEE TS W= AolnE Huidez =
2 FTEE U o) 589 SEEEE KM-02 757t
Fluorene 3l A ®HAIE 4= Q= T35 A3 a9=
Harga HAdig 7 52 1283 22 10 mg2k 100
mg 59 T HZ BHSE B A Ayje} o)
FHFE A9 W B Aso] 2990] FEHAE AT
7} gon, AW T TN W= B} fay
I 73RS 5o f=EE Zn, Pb, Cu, Cd 59 FFHo
Z2 2959 e A7l TS Jung and Jung,
2006; Kim, 2010).
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3.2. KM-02 ZF 4% Fluorene 23l A| LMek= 53
£ Xoll==t
71E Aol Bgk vle} 20| Sphingobacterium sp.

KM-02% Fluorenes 238 4 Sl 58| JojA] 3
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Table 1. Heavy metal concentrations in mine-impacted soil
containing Sphingobacterium sp. KM-02

Heavy metal Concentration (mg/kg)

As 121.65

Zn 62.38

Pb 47.02

Cu 40.94

Cd 13.52

Mn 9.65

Cr 2.35

Co 1.95
T B4 09® #3L Yasled 4e ¥ & 3le
Zo= 7| (Nam et al, 2011). ¥ KM-02 #5&

F83je] HUY 5 = Ao F ARG F35
ool B 2ol o] glo] B AT
Sphingobacterium sp. KM-02 55 223 #F4HA]Y
E9F Yol vluz e EXEhs 559 F5<(Table
)& ©]83ll Fluorene &3l Al YEPE 4= = =

o i

WA}t gt HF 0 E KM-02 757} Fluorene
S BAaYoE sl S T o, BT 5 e T
o] Jes WA A, Fig. 10] Uehd nle} 2o]

>
i
2
to
rot

Aol AR RS F555°] KM-02
9] AFE Asshe 2oz #A=HAY T55
H o Ayl & wx ¥R ZEY 2ol JE, 10
mg/Le] FEE FEESS Rl F A% Adawt A
PA o7 YehE Cu=Cd>Zn>Pb>Ase] 02
YUERGTE Ase KM-02 115 Aol 583 J3ks v
A ggkont, Pbe] 7foll= KM-02 752 Aol &
255 7R SUAY T EFEEC] ZoRie
2%°] ks H7Fsl & WhS7] vl oF 30%2] A3 A
aH=E e Qar, Znd) A9ollE oF 66%S] A
A9E BHoFa o} Cu, Cd & HISE 508
KM-02 77} S & = QA 3] Aslishe 9%
A4S Fig. 1914 YERAIL Stk 100 mg/Le] 52 5
£ES Wl & A= vsE Z29E Vel
(Fig. 2), As?] 7%oll= KM-02 #5729 Aol F3S
n X2 29kl Pbe] AtolE oF 61%, Zne] AsolE
Pbol FARSHAl 63%] A7 AsiEaE e 10
mg/LY] TEES RN T w71y Adet sYsA
Cus}t Cde= KM-02 9] AS 48] Aslish= a7
£ Bt okl FE&EC o3l e Aol As)
Hoe oy d7EYE S, A KM-02 759} 2
JeAdite] LAER w8l Al Al ZA A 24

.
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Fig. 1. Effects of 10 mg/L (a) and 100 mg/L (b) heavy metals on
the growth of Sphingobacterium sp. KM-02. The values
represent the mean of 3 independent experiments. Symbols; Wit-
hout heavy metals (@), with 2% nitric acid solution (O), arse-
nic (W), lead (%), zinc (M), copper ([J), and cadmium (4@).
ODgo, Optical density at 600 nm.

2 AgA gethe A7 AR ALCH (Hong et al,
2007), 31 A7eME P & A3l &5 A &=
Ao HuEglon}, B el sk KM-02 w5l
EiMe sEHE OF 60% olde] Aart Uehd v
AE Aol PXE SEEY JPie 159 zelx F
SHth=s AS AR olyst Ase] UErd 5 3
T IS SEEG oleEe] AU A ER ol QoA
AR A8 E 1 &5l 9FS T vAEe 54
A ES As5t7] W Eo]thAmor et al, 2001;
Hattori, 1992). ©|&1g+ A3l 2h8-9] <=2 wljx] U] &)
she 5% 75 9 TR gadolu FE4 olRE
o tigh o)A fEA S WA #Ado] glom,
A TEE ol B4, A Ul 24, 7 504 3

B 5 U 89150] Bofshs B Aol <2

gt |
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Fig. 2. Effects of 10 mg/L (a) and 100 mg/L (b) heavy metals on
the fluorene degradation by Sphingobacterium sp. KM-02. The
values represent the mean of 3 independent experiments.Sym-

bols; Without heavy metals (@), with 2% nitric acid solution (O),
arsenic (W), lead (V), zinc (), copper ((J), and cadmium ().

TH(Tyler, 1974; Chen and Lin, 2001). 53k, U5 w]AY
E52 UGS Ta5l sl =2 759 Al AP
7HAL e AT 2= BE3E vl TH(Chen and Lin,
2001). As®] ZAgolls 2 Aellxel 2o] As2 2 HH
FollA 717 vAEEC] AESI AAFoE Asel] U
3 WS 7l | a7 2t 54 #As A
Pt A4t Al BuE Bl QO™ (Pepi et al., 2007),
Eolgt Z1& KM-02 59 A viz|olle v|Ega5edl
2 ZnSO2t CuCl7b 242t 0.1¢g/L, 0.01 gL EHr=of
J=H(Nam et al., 2011), 3 S50 s o 2
sk A gl B Holal ok AAE thREe] v
Eo] &S 7] SEiMe v B o} wEES:
a7t e, S 594 Ee] EAEE Y ¥
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o
Ry

Y

gloll mel AR Y47t AU RS Asiske 5
Aerg A% it dukzlog =Ado] 2 UdeiA]
UA e 7nd] Ag, B AFNME 10 mg/LeF 100
mg/L ¢ TEZ KM-02 #F AgAdS F383S o,
Y2t 66%, 63%2] AENE Yepd das R
Aol B A AE A 3 HE A T 8 IF
o 7] = A4 59 71xAsE 82 F Id& A
< ZIdigic). W), &% 485 3k} she B uiel
E AsY 5571 7FE Z=9HET|(Table 1), 2 97 292
HFojRol KM-02 57} 3l LX) g2z
2849 F dvke 7FsAs BoFar ok

[e)
=

=
T

E=ES

3.3. Z2501 28t Fluorene 23l s Szt

471 71&3Sk vkel 29, Fluorenes BHAYUOZ =
KM-02 #5=¢] Bl gt T Asads ARy
11, 5Y3HA Fluorene F3ll&0) vXE TE49 I3
S BFs) el KM-02 752 10 mg/mLy] 552
FluoreneS 3715t HjA|dl ¥H&-& AlAH 120A3F &<
Sampling A17F E& wjA] W 5F3l= Fluorene 2 =
“g3laAet. Fig. 200 JERR Ao}l o], wiA] ol T=
42 10mg/L &2 100 mg/L F71E UL u) 259
Fluorene 744~ A3 KM-02 2] A% A3) =Xz}
Y HEHES JEMIITE A7t 10 mg/LY] FEE )
A el EAe o, ¥iA] W HelJ= Fluorene®] %]
HjoF A7t whe} st oA Folle 2R
10 mg/mLAA Bt 321 mgmlE ZA39=d, o=

==

dizres A9 Tads ke o w32
mg/mL)$}t 2% FALHEATS 7B F 8lA](2.29 my/

mL) 53 FAE 9] Fluorene &3l8-S Uehlo]
Fluorene 7H4x0l] & QEFS vIX|A] k& Z1o0= ERIES
o} 284, Pb, Zn, Cu, Cdo] Z-9ell= vl 120A13F
Z9] Fluorene 357} 7] 10 mg/mLolA 232k Pb(5.56
mg/mL), Zn(7.26 mg/mL), Cu(9.84 mg/mL), Cd(10.02
mg/mL) 52 A2 Fluorene E3l&o] WHalst AL &
T Utk Cuet Cdo] Afelle Figo 19 A%
vl slel 2o, 10mgLel FFE BE

Fluorene E3]e% &3] AsEe Vehix 10

mg/Le] TE&S Wol & whe71e] AF(Fig. 2a)elM®=

100 mg/Le] S84S5 71 Wke7)(Fig. 2b)l Asdl
o) A3 &3t A9 lar, Cu, Cd 5ol 23] KM-02
e Bo] Ae BT AHE AWe FARRY,
In(72.5%)° 23+ Fluorene 3] 3] &7} Pb
(702%)H0} T & 2 B 5 e, A= v

I ONE = AR
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FF9 A EHZ KM-02 T59] Agaolr vehd
ocu= gL ZAral ddEn) webx, KM-02 &=
o] Fluorene 3l Al o] Asi== AFFig 19
Fluorene®] FAdhe A (Fig. 2) 5 TH3E o,
2 A7A AR T4 55 tigk KM-02 759
Fluorene %3 A] Yel= As|&d+= Cd=Cu>>Zn>
Pb>>As 5o YR = glom, Ase A3|ast A
9] glou} Cd, Cu 52 A9 hdst nAd=e] &4 A
dehs o] AxE veRlal k. 7|8l oAl
HuEd T84 ol2=ol sk rESS] 53, AlA,
A 5o WAUSES vlusiHid As, Cd, Pbe] B$-
A FitEe A9E JUehlle 9% Ao, Zn, Cu
5o Ayle}l o] KM-02 #F9] SoldS Holg+=
A B AFrollA Yehdar Qi o9} o] A3 Al
A IS 4= Y KM-02 779 5ol 7S] &
HZ GRbAR] FEES AR B4 55 1Hst I
-8 A7 2 A FLe Eg=ojof & Foltt

3.4. 3352 Resting celloi| 2|8 Fluorene =3l *isf
k=

PAHs 59| 3R] Fluorenes #3llshe KM-02
o] a3k AT 2 FrIEZ ol mixle I
S Resting cell AFANME LA A8l ERI1s)
A} gt} dubHoZ 1°ET=9o] Resting cellS ©]83h=
Aolre w52 JElVF SHEES BAYdo= F3
© £t W27 wid] ks 4 22 Eelles
BIF 0T A= He o]8stkal Jth(Nam et al.,
2005, 2008). ¥ A= KM-02 72| Resting cell
S ARSI 10 mg/mL FluoreneS 718k vijAlol z}2t
10mg/L 32 100mg/Le] T2 FE52 HUlsla
120717 Bl Zol] Growing cell THH] “3<53F Fluorene
WSS HEeIoH, IR WA i sk 4
ko] FEE FEE AT 7] A9 2, TE%
S H7VSHAl %3l Fluorenehs: 10 mg/mLe] =2 4
o] & wiA|l Resting cells ©]-83F 120A3F vl YRS
o), Wiz W ZF3H= FluoreneS GC/MS £ #AE
HA] P} o2 V1Fo R FFES 10mg/L 32 100
mg/L F718153:S o, iR Ul FF3= Fluorenel®-all &<
Fig. 3o YeRaL ot Growing cell A3 Ay} &Y
Al As= KM-02 77F2] Resting celloll ]3] Fluorene
sl HgelM Bl As a3 A %L,
Fluorene A|A&-2] 2}°]= Growing cell 232} FUHA
As>>Pb>Zn>>Cu>Cd9 0= YERITE 10 mg/Le]

=

]

(3

100 - = 10 mg/L

EzzEE 100 mg/L

80 -

60 -

40 -

Fluorene removal rate (%)

20

NM. NA. As Pb Zn Cu Cd

Fig. 3. Effects of 10 and 100 mg/L heavy metals on the degrada-
tion of fluorene by resting cells of Sphingobacterium sp. KM-02.
The relative fluorene degradation rates are shown. Abbreviations;
N.M., No heavy metal; N.A., the 2% nitric acid solution.

FH3ES HUE o EAs(93.5%), Pb(82.6%), Zn
(54.6%), Cu(12.3%), Cd(9.5%) 5] Fluorene A|AES
YERIAL, 100 mg/L 52 Z42He] S5455 ¥l + 4
$olE As(90.4%), Pb(68.4%), Zn(42.6%), Cu(11.5%),
Cd(9.3%) 59 Fluorene w38 HA|Th KM-02 T
o] Aot} Fluorene w3l Al A3 &S SHslA Hol
B Ase] 7394} Cu, Cd Zo] 23 Al a7
el $5< F5olM= 10mgL 32 100 mg/L
A7 = & 559 =}l wet Fluorene 734
7d8Fo] AR, Pbe} Zno] 7-9AH S RS A
Fads Jehd 355 FE0 diside 100 mg/L 7%
A Fluorene T3l ztel7} Hluld A vept=d],
o] &I IEE FaEl o8] KM-02 79 &440]
Aoz A Ay B 5 . B Ao Ay
A 37] 7St AT ARE 2] FEES RIS
A AU 2% Nitric acidit 713 tiZ2rol|l = 5%
A a3t iAok T3, KM-02 752 Resting cell
S o]83}9] Fluorene w3l AFS 120~13F 3Psk &
A ) F54 & WHEE A5 KM-02 759
Live cell®} Sodium azide, € 5= 7F5F] Inactivated
AZl Dead celi}e] T4 JFH vlus FY35h
Table 20 UERA nRe} o], A&l a7} I As]
e 10mg/Ly 55 =004 84.3%, 100 mg/L
o] Aeddl= 91.4%7F ZHFg AR BAEo Ag7h
KM-02 7152} Fluoreneit-all #Alo|A FaFo] AY i
the AS gelgk 4= Qi) whdell, Aal axpr}t Aad
CdY] 745ol= 10mgLy] T54 =44 11.3%, 100
mg/Le] Z-9oll= 22.1% FHEFHOH, HIS3 572] A3
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Table 2. Remained percentages of heavy metal concentrations after incubation of live and inactivated resting cells of strain KM-02 in
the presence of 10 or 100 mg/L of heavy metals for 120 hours. Values are the average of 3 independent measurements

Live resting cells (%)

Inactivated resting cells (%)

Heavy metal

10 mg/LL 100 mg/LL 10 mg/L 100 mg/L
As 843124 914+19 18.7+2.1 19.4+£3.6
Pb 67.3+32 55.6+2.8 183+ 1.6 162 £2.1
Zn 347+£5.6 464+64 174£2.6 154£2.5
Cu 26.9+4.6 14.6 3.6 11.5£19 10.9£0.9
Cd 113+£1.8 22.1+2.0 9.0£0.8 8.6+1.1

BAE YEIAE Cuy ASole FREo] 47 Phenanthrene 3|7} A3 W= A7 A<k (Sokhn et

26.9%(10 mg/L), 14.6%(100 mg/L)S.2 LFEFF KM-02
ol 7P B2 A3 a9 Hole FaE2 Cde
Cuds ARIF 4= AU} Pbo} Zno] 9= KM-02
o] A A3 2 Fluorene £33 A] Growing celloll
Uehd Asl] aye] A3 LAl Pbe 67.3%(10
mg/L), 55.6%(100 mg/L), Zn& 34.7%(10 mg/L), 46.4%
(100mg/L) 59 FXt 2= ol & A+ 4
HZ v]FojHol KM-02 T Resting cellol] <]t
Fluorene &3 2180l &S VXl 55 3 3
7, s 501 83k aQlog Agsfar
Cell W] 53l QIS vIXAY, F2oll el JHRol
a3 Aog -ﬂr—. HH(Hattori, 1992; Sokhn et al.,
2001; Tyler, 1974). Dead celloll 2J3] FE<0] 26}
= A% 52 Feslr] sl Al AESE Inactivated
celld] B9 = T55 Al a9 Ade F-
AL, AHAR] FaEe] A3 glo] wAlel F2ste
ZHREFo]l thA AT Zo = AlmErh o]9f o]
Growing cell®} Resting cell A% 59 AIor] &
Uxzol Asll o3 KM-02 ] A 2 Aol 5
3 JFE ¥ 4 fl9eu, Cd, Cu 59 5l
Ae 24s s Asllsle A3E JElth 53,
Resting cell AZellA &3 AAH Cde] A3l a7}
77 735 RS #ES 4 Atk (Table 2). Pbo} Zn
T AT eAEd T8l T EE AelA 3t
—rA Asjad= Q-E}Lﬁoi —7|‘— 4= Growmg cell 2
Resting cell 247} &4-¢ FF3 = 22 23
T dHe] HBE0] %X]OF“ AN y_o:] a3
71E AFS0lA gEiRl vkl o], Cu= /‘3524]7]- £
o7z dlell o BEE”I u]a]::h/\o}\oﬂ ZJE |

S

1

e EAFY dole 238 uit E5S Aslisar
dHA JtHBurgess et al, 1999). <& EW, PAHsY
3}l Phenanthrene &3l A] 0.4 mM2] H%=9] Cuille=

FFe A FH7E 44mM o]Fe] Cu FolA
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al,, 2001), 0.1 mM&] & F5o] Cw} EZHE v oA
Dibenzofuran % fert-butyl ether 52| &3l 2180l 3|
28-S dodl= Z$E°] UAtHHong et al, 2007; Lin
et al, 2006). & ThE A7elxe TAZ odd EYS
3714 EElgelE Edske HAlA 0.5 mM o]

L A HAESY AAARETE GAFOR
TAAA YA 13l 57t 8] Haske A9E e
H B} QIohRiis et al., 2002). F]AE FFol tik Zo]
= o, AHEoZ 1.0mM ©Jake] Cu T% el
A F71eEEE el Al oAb As 2R8o] wol #zky
=), 11 ¥RleF= Cut AIXE Ul F45©] Dioxygenase
_‘_,] OOﬂUzl E‘OH J,]_E:] ;(_3;_/)\_5._4 :d—/\-l_o‘ 71—)&}\]7]_‘: §:]_
Ao 2 AlgHEth(Said and Lewis, 1991). & dA7ollA &
A5t AT 10 mg/Le] FEANRE KM-02 757} Cu
o oJ3l A47ge] A3N=IL Fluorene -all&0] dA3] A
3, Cu 57} okl wt Al 2k8o] Zslixl= A
< Il 7|l RuH A7EAAEY dXshes BEF
A4S BT ok Cd2 ofn] mAES] tial ol v
otq3k A=7} Cu, Zn, Pb 5 55 u¥l ¢
33 Aoz LA Ak(Baath, 1989). 1 U0l Cd
o] wAE W wulFo] Sulthydryl 7] F
Glutathione 50l 14 Cysteine ¥ WslskA 2
A o= DNA 29 &4 Frjar geA Uth(Helbig
et al, 2008; Mitra and Bernstein, 1978). %3k, Hle|2]o}

Cu -

2=

Ul Azee] AEsle] B4 TS 2ANA ot e
o] AR BEFE9 AE 9 L AME Y ujE 5L

&3] sA| H3HA| ke o] A3l 280 The o=
A71E vl JAckBruins et al., 2000). °Fe] 7FsAHES
I o], B AT AFolx T cdY AfErt

KM-02 9] A7 % Fluorene &3ll&ol ¢HgH
o] FFIES Hole Wdol 7129 2=t Fitdt. vl

2=31 0] ASEHS R Cuol Aol Hw w}
g} A Zgo] fI T o] AXEANE, Cdo] A



Sphingobacterium sp. KM-0291] 2]} Fluorene 3]l 7]X]=

o= DNA &4, Alxe 75 vl 59 2321 29l
of we} F=o} BAgle] AlEe] Ao BF glolAe
ANE ZHske 0= AlEdt Pb GA WSS £
st okt AE FollA FAo] ofw] F A o,
ket Aoz wRliste] sgvliAlel de] HA HAl A
g e LPEHo|mg B AT H KM-02
22 nEoe] dol 289 7 1 Fgo] A
golg)ojol & Aot} B dAFAT = KM-02 o
AR W FES] Pb & 7S wiYTIelA Znk
T gk F7F olst =Y Aal mHRE yEptont, of
o 83w wjEo] KM-02
w57} o8 7hsst AETH a8 HFE 2% 7
Atke 7FsA8S wiAlEIME Lt &, 94 % o]
el pve] §3llE & 91“ S 785, B} At s
28-S Uehd § e NA8e TE8] Utk E oE
7Fssh AiozE PbS XS U] FEEo] 71
+ BOD 79| a4 A AksiRkgolnt. dA| wj=] U
| (Dissolved Oxygen, DOy= FA| 27FA] WL
2 Anged], frlEde] Ak W AREAY T
o253 ¥hEsle] Oxide FENE UEphe HAollA &
F& 0]E9] 213} ¥Eldo] KM-02 2] Fluoreneol
ek A 2 8 ZA8S F ATHMittal and
Ratra, 2000). 22}, £ A= KM-02 Tl o
& e TS =3 530 tlsiA] AslEeEd o
gl tigh FES SAT IA BTk dEE, KM-02
2] tiAl Sl 7P i—%ﬁ T Aal 'S UE
A Cus} Cde T4 pH 2o w9 2R Llslreld

N é-hl

_1

e

O

s 7HAA Uk E=gh, KM-02 ‘—"('—r7]- FluoreneS- BHA
Yoz o] g3Par AFsh= M) 32 Resting celloll
o8l E3E Al7Ie HHo] EAs= OHZJ]HHX] oM 5
w550 Ak AHEE wsle vkl s, ol

@ 7P e 200 oja) shele F wae Sarss) )

S Aol
4. & =

Sphingobacterium sp. KM-02 117} 43| wj=] o]
A] PAHs =9 3R] FluoreneS Ealid= Aol A]
Aehe T34 9SS As, Zn, Pb, Cu, Cd 58 ©]&3
of FASAT. KM-02 T55 wE$ uﬂJMPX] E¥
ol H]E_Z‘] LEER EAtkE 550 TS A
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71 A H—s}b ZF&EL (Od, Cu 5°)%1aL, Zn, Pb 5&

w2 ) FE 4 89

=7t 59 Asl &= vEReH, As & KM-02 I
T Aol 5 ?‘a ?ﬂoHEWP %i‘dﬁr o] Av= Growing

T FY3 A UrE‘rkEE} 2 Oﬂ%L €4~ vﬂ
W FEE SOl H?Mi QALNS W WA JFS
YUY sk ol oM #-83F Akwrt 2 Ao, &
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